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(54) SEMICONDUCTOR DEVICE AND FORMATION OF THIN RLM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To materialize the materia! characteristics of SiC and 
obtain an SiC- FET which can operate stably by preventing the degradation of quality 
and breakage due to voltage applied to a gate insulation film and reducing leakage 
current. 

SOLUTION: This device is provided with a first conductive type high resistance drift 
layer 2 formed on a silicon carbide substrate, a second conductive type base area 7, a 
first conductive type source area 8, an AIN film 3 formed on the gate area, etc.. on the 
surface of the second conductive type base area, and a surface covering film 4 formed 
on the AIN film 3. The surface covering film 4 is made of AlxGal-x-ylny (x: real 
number, 0<x<1; y: real number. 0<y<1; x+y<1). etc. 
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[0 0 5 1] ^>:tC, n* My-;^®«2 4 0*B(0— 
i h U'>^2 ertlCMOCVDife^tCii? A l NR2 7 
2rl0 0nmgS. Al. G a In, NK2 8 30 

({fib, xliOSx^ l(D^icT-fol9. yl±0^y^l 

[0 0 5 2] r r -c\ ^1 O^JSJf^teT-iti-^/c J; 5 (- A 

In, Nflf2 8 (fflU. xJiO^x^ 1 W^iScT' 
yliO^y^l (DM^Xh D , x + y S 1 T'fe 

i:7^-t*^hXhi>o ^tz. ^(Dt^ pm^-^m2 3± 
<r>')^f£< hh-%\^m^tfy\Zh 1 Nl^2 7 tA 1 , G a 
I n> NK2 8Sr^^l^«±»f*!ll!i C^H/T^) 

ertcOAl, Ga,-.-, I ny Nllt 2 8 <7)^® i h 

f-2 erorj^PlfBrojiisi-^- hfl;ffil2 9 ^ffM-T'Sc 
to 0 5 3] 2^;;:. M:li)i2 9(D±ffii^l6?*i^3 

0^jltPvWlCffM1-S„ iteStlSS 0±^^tfn 

y-^ffi«J2 4tp* Sll*it2 5ro±jc. y-;^S11 
s 3 1 srfl^fiK-rSo X. y-;^m^i 3 1 ts^iiion 50 



2000-150875 
12 

^iSJgetS i CS« 2 1 oaffijc, Vim* 3 2 

^mi^LX. S i C hU-y^y-hgtJ^FETSr^fig-t- 
So 

[0 0 5 4] 3|s:^JI?i^«-CtmiW*llJi^a8i:I^C<, 

Kilttroi^V^A 1 . Ga,-.-, In, NIK 2 8 (fBL. 
X 14 0 g X ^ 1 (D-^WcX'h "9 . y (40 ^ y ^ 1 (7:)^icT' 
h<0. x + y & lXhi>c ) ^«ffilSaiKi LTA 1 N 
^2 7 ±»cfl^fife1-5 r i J; 9 S^lglWp°B®*MtSrl»± 
^:(73|g^S i C(Dm^^^%:+^^\^mLXmmF 
E T (OiSifJEit^Hl 5 :i t i)'-X^ 5c 
[0 0 5 5] ^fc. m^Vuy^^-hmBFETXit 

[00 5 6] ifc, Hi (OSJiJF^ffi-C'a!'<fca* i: PI C 
aftT% S5BJEii)f^B#|cA 1 NK2 7'^cO«#A^tSr6 

< -f 5 ^ t ;65T'# 5c 

[0 0 5 7] /i*5**jfeff^«T"b. %mcm.tim^mw 

[0 0 5 8] **ffiff^teX-^Lfc M^>5^W«ig 

if^f^^W\m^-X% <fi^i~b i^g^ttr 5 ^ t IC J; »3 . J; 

'9ai/^?;b«;4S#btt5c 

[0 0 5 9] *fc, {il±<7?miS.D<H2<7)*Jfe?f^liT-(i 
n^ + ^/^SWSSff^FET(0;^»^(coV^-ClftWLfc;^)^ » 
«a(Dn i: p^Att^xifcp^-Y^^/uSro^EJi^FETIC 
til. 1 1^ CSIjft ?r#5 r t yJST- 1 5o 

[0 0 6 0] *fc±a?<OmiStJ^H2(D|61fe?i5ti(c*3V^ 
T> A 1 . G a In, N (ifiL. x (4 0 g x ^ 1 

CDS»-Cfoi9. y(40Sy ^ iro^ic-Cfoi!). x + y^ 
1 T-fo5c ) , Z n O, L i A 1 NO, L i G a NO, 
HfO, ScN, T i B2 , UBs , WBj (O—Mi.'O 

iij?? $ nfci a^fo 5 1' ^ i4^^a«A^ b u 5 ^Bsam 

^A 1 N^±|cff^fi£LTKS>!*»Srl2I5ri:lcJ;i9, A 
1 N|j^(7D#tt5r+5^?ltttlLTfiJf^FETroi§WJI{k^ 

[0 0 6 1] */c. $fe(c:3t'<fcJ; e>lc:rixbcoe>*,-CZ 
nO, LiAlNO, LiGaNO, HfO, ScNlC 
r>\,^X\tK I NIK±W«ffi^Sfflli: L-Cfc*JtT'(4/i< A 
1 N(DTflSi^»lgt LTfflU>TtflEnfcF ET<7Dy- h 
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i;i5X'#2,„ -*T i B: , UB. . WB 

[0 0 6 2] ±JELfcj;5(^m.bwW4<7)«^S(ctS;t _ 

[0 0 6 3] S/c. S i CSffil&U^l 0 1 lCffiV^2)S 10 
H-S i C. 4H-S i C. 2H-S i C^DV^•f^^*»^ 

[0 0 6 4] Sfc. (tta!0||?g'bll«„ ) ttm 

W^¥-ET\z.m.hMz^',iX-\-tfl<. IGBT^. 

ffj & -5 V ^ 7 - T / ic t fSffl T' t -5 O -C'fo 

[0 0 6 5] cm 3 (OHJgff^ffi) H 3 l±. *^B^(C i 5 
H 3 (??^«^^i<?^ S i C«fff^FETO»fBllI-C'&S„ * 20 

^wrM\^i6\.^x%-mmMt\^xnm.i:. ^±m-m 

iSffifet K y 7 4 2 ^JF$)5)c1-S„ -t L-C^^^H^^' 
1 2 0 0°CXmmLmitmi: 1 O O 0:r>^^;^ ho-M. 
JFJitLfCo -tLrmcVDiSlcJ;?) S i O2 ^1. 5 

[ 0 0 6 6] 7;^- h Uv=;^ h/^^S'-i^^rJf^fiStt 

itm^^-y^'^'^xm^Ltz, r(DS«(^T>'W^-i>i>. 30 

oTpM-i-;^M«4 3SrfMLfc„ -SKfb 

fife, 7;!- h Ui/X h/<:? — VroJK^, :t ■;/f-y^''Sr^T 

[0 0 6 7] ^Lxmitm^m^i.tzm. 

^JPLfcA 1 NK^^-^i&a^lfSfiit (MOVPE) 

nc if-Cf^fiic $ l O O n m i: L/Cc 40 

L, ^'-hffi»K4 6, ^'-hmm4 7 ir^MLfz, ^ 

[0 0 6 8] iski^^-r-y-;^ 1:114 9 t Lrt^dxii'N i m 

et^Lfco liliOT'n-fey^SrSTFET^ff^fiELfco 50 
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[0 0 6 9] rr-c\ '^m.^iimwx.fzA \nm:(o^f^sL 

I-ISSL, 1 08 0t;t1-.5o -^wlihy^f^/bT/U? 

[0 0 7 0] ^mmmmxit. T-mmtLxmrn. fcs 

1 1 TffM b fc„ JuieM O V P E T-^* ^ r < 
l^»«LTJi^BKLfc«^. 1 X 1 o" 

mm/ cm' -Cfcofc„ 47tp<^>'^-'<'«S»SLfc^ 

•a-, ^SiiK+i-i X 1 o" ^ffi/cm' ^iixrt^ 

(Cl± D ir ;^ T'la^fS (OSA ^ tl S r t ^5 li t A/ i:' T'i 

lo" SIB/cm' SS^**lTV^5t>rot>l^«JSS!l* 

i'^hotZo 

[0 0 7 1] rr-C'A 1 N<75fl?fiK:^?*i: LTMO 

[0 0 7 2] ^tz. z^xm-(^mmmi:nm. %-Cr> 
m^m^pm. f^-<Dmm.m%:nmi:i.xhx\^\ ^tz 

;^<ctl/-'6 H- S i C. 4H-SiC. 2H-SiC<7)V« 
[0 0 7 3] 4fc*^B^(4ieff^FET(CPSibixfc*PttT' 

[00 74] (^4 ro^njf^ii) m 4 (Dmrnwrnn. m 

3 0)mmmo^mw-'&w^i^\''x. ^-'imtx^xm 
m. hi^^\tmm'^i'<:t>'o ic^±m7tm^mMLtzA i 
Nmi^^-i-mmmtLx^i^tz, 7tmt\.x\i:^i]> 
'yfph.^ 4'yV])<>J^. yy'^yx'hr). ^nmmit^ 

fc„ mmmns^m^n^^icxixi-i'tii't'ni x i o.'' 

[0 0 7 5] r<o^^«>^'- hife^siwwttii, y-i? 

[0 0 7 6] (II 5 roUffi}^^) m 5 <ollifefl5li(±, n 
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^1S{b-&ti?rfflv^fcc ^^]Pl:»4-?:n-?:*tti^ 1 x i o" ^ 
[0 0 7 7] lSj5t*:is«^*Drot«?:)(ctt:'<iK! 
J±Sr±(f SClirJi^-etfc, mt4, ^Jp-TS r i ici 15 10 

[0 0 7 8] 6 (Tj^ffiff^M) m 6 (Dmrnrnm^i. m 

fco 

[0 0 7 9] -nm-^. f^mm.mii^mLv-^m.WL^ 20 

(Dl>-r?i-tmW.X'^. 5 0 0nmJ&l±W)¥$-C-'b;^7S' 
[0 0 8 0] (m7w^Jgff$^,) il4;4. *^BJ(CJ;S 

s 7 ommmmic^^^ f e T(o«it^.T^-f ifrffimr-fo 
i^x V\yyf-^miS.Lt:ihnxh6. 30 

[0 0 8 1] IP*>. «Si45->y aVBi^iSnSJiSStt 
S i CSffiS l±(C3ifi5'df->^/l.j£|CJ;9 nSiSffiSt 

[0 0 8 2] ifc. h'y^^-y^^^m (RIEj£)li 
j-ipn' ^y-^^J|!c5 4(D^S;^»^^n* SJy-7.^i^ 

5 4i6xrjpm^-:^mm5 3^«aLTnSiiiffi6tK 

y 7 H5 2(cS-r-5 M^:/^6 Oji^ff^fS^tL-Ct^Sc 

6 Ol^lcy- hite^a (^*ifiit^^^JPL/cA 1 N8g) 5 

t o(o^Q^(DmmiC'^- hmm5 7 mm 

[0 0 8 3] SIC, ^- M;1i5 7Sra5 J; ^i--ew± 

xm^-dN i e;i«$^^T^^S, 
[0 0 8 4] rcD^^i^t, USTlsmewllJfeflgSIt 
ll«0^i^tl?r^»PLfcA 1 NSrff^fi£Lfc;4^ ro*^ 50 
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[008 5] *fc, M^:^5"ftilMlcpS#«l%^AU 

n t p ^ An#xfc p ^ + ^>/WSrofiiJJf^ F E T^IC 

[00 8 6] m8<Dmmmm) m3nmm7<Dmmm 

roj^»PI4±IE^ixmwStl*i:ll«T'ifoofco ^LT, 
Mlc^-^K^ffiir-f S r t ic J: "9 ^SWi^aSrS^Ttf 

[008 7] (m 9 (D^igff^^) 0 5 14, *l8BJom 9 

5„ laS (a) {ZTiiirXolZ^ S i C 6 1 S 

io. 3fB«6 2^mw(cffM-r5o s i o. mm6 2 
^m9imcmi$.-r^:)jWitui. mxtt. s i cstge 
i±(cs i o. mm^. mmim^^imcvd xs&^^^ 

x^xmf$.x^^o 

[0 0 8 8] ^>C(C. S i CSffi 6 1 ±(C, G a , A 1 ^ 

Sir, B15 (b) {^^•rj;5l-> A 1 N3t4S i CStR 

U±.[^Lt^lt^Lt£\>\ mi4Al. Ga. In. N 
(x + y+z=l, Ogx^l, O^ySl, O^z^ 

Al. Ga. In. N (x + y+ z = l, Ogxgl. 
OSy^l. OSzSlT-foSo ) ^fiJcS-rSS-g-li, 
T^->'l'7r ^A 1 . Gav In. N(x + y + z = l, 
Ogxgl, O^y^l, Ogz^l-CfoS. ) Srfifefi 

[0089] Al. Gar In. N (x + y + z = l, 
O^xgl. O^ygl, QgzglT'foSo ) <r>WM 
14, Airoy-;^t LTAlSr-^tf*1t^Jg, N (7)y-;^i: 
LTN. XI4Ty* = T, fiil(OIIlKy-;^i: LTWll 
^JRXI4&JS-?:<73 1 wXl4iS*<&-a tf^li^ti i: -r i> 

h\ Xitmm. XI4C1j > XI46!tfk7K*:^-fei/>'ft7K 
^^WVIi^WTK^fbi^s X(4^'Dn>^':/^:«';^, X(4 
X^4/^^'}r'>r^;:<f;^w, A I. Gar In. N 
(x + y+z = l, OSxSl. O^y^l, OSzS 
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1 T'foSo ) IK^St^WSSlil 0"' ~1 O"' mol/min 

T'fo5ri:*5g$Ll/\ lie, A 1. Ga, I n, N 
(x + y + z=l. O^x^l, OSySK OSz^ 

250 "CT'fcSr t;5W*H.\ 
[0 0 9 0] ^W^. la 5 ( c ) i~l7ni-i. Oi^. S i O 

A 1 Nli7KS?Sl-Sit^i-V^OT\ A 1 N;55j§lt^i 10 

[0 0 9 1] (^1 ocDmmmm) msit. ^^mnm 

1 0(D|lli£J^SlC'ff>S#Kfl^fiic;^fe5r/T^-rxm»fffi|2lT- 

[0 0 9 2] ^9(DmmMmt^^J:^(Ott. A 1 N6 3 
ilCAl. Ga. N (x + y=l, O^x^l, O^y 

giT-fc5o ) me 4mm^tix\^^i,:itX'h^. A 20 

l,Ga, N (x + y= l. OSx^l. OgySlT' 
^(CllAl, Gay N (x + y=l. Ogx^l, 

[0 0 9 3] mi K^mmmm) m? :^%m(r>m 

1 ioSJS?]^teic«?,»JlffM:^fe^/Tl-XSttifBllT- 

Ml 0W*Jlff$ffi,l-*Ufct<7>tl^i:T'fot),. P-WgB 30 

[0 0 9 4] Hi Oro*JSfefl?^tM^i2>roi4, A I N6 
SUtAl, Ga, N (x + y=l. OSx^l. OS 
ySlT-fcSo ) iS6 4ro2l«iSi:^/i "5 > S i C» 
«6 1 75^f)ji< 'i5l-t/6oTyA5:*:t < i 
^ixfclSWAl. Ga, N (x + y=l. O^x^ 
1. 0SySlT'fc5o ) graded layer 6 5 T-ffJfiS^tv 

Ti>6,^,T'fe5„ s i cmme 1 icftt.ia< (cKtS:^ix 
ybx©;^:§:^^■S«?r. s i cS«6 i A^f^if < l^ia^^ 

Bi oro^ffiff^ffiJ; >? 'bffi¥lcff^^i-5::i:;i5T-#5» 
[0 0 9 5] (m 2(D^ffiff$ffi) 12 8SU^I19(4, * 

Jig?g©Hi 2(DmmMmi^^^^mmifm:)jm^m^^x^ 

[0 0 9 6] us (a) TiS (d) iC/T^-f J: 9 fc S i C 
Sffie 13E«®±ICA 1 N)^6 3 

Al. Gar N (x + y= l, Ogxgl, Ogygl 50 
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maiyi—i.'y::^m.m7imm^nx^^i,o 

[0 0 9 7] 0 9 (a) iC^-t-J:9(C, l^iP:^ 

h/<^'-^7 2^JfMLT, 119 (b) (C^I-i^Jcy 

-/<!; r^^'C;*-- K'O^'-C, A I N1^6 Slii^KffitOiH- 
[009 81 A1N8I63-^A1, Ga, N (x + y = 
1. OSxSl, O^ySlT-fcSc ) Ii6 4|::K-t:° 

■rrty45T'#5, A1N1K63, Al. Ga, N (x + 

y = l. OSxSl. O^y^lT-foSo ) ^6 4(75 K 
h t LT(4. nST'fottIi, S i ^WIVi^TC*, 

*»iSf!l(ifctt?)S i CS«6 1(4. 
V ^(43l t' :3f Sr-^tf ^^{*:SS-C'fo t O 

1 0 0 9 9 1 (Hi 3 oymmwm) m i osi/ia 1 1 

(4, **?^WH1 3(D*JSffJ®(^#,^»IIffM;^fel:ffl 
•So **i6fgli«c«5a!E)KffM*fero»*fi<]/i«Bg(4« 

[0100] 010 (a) TIiS ( c ) {ZTsk-tX o S 

i CSS6 1 CO±*®±{c:A 1 , Gar N (x + y = 
1, OSxSl, Ogy^lT'fo^c ) graded layer 6 
2tmfi^^t\^Xii^ ^ S i ca«6 1 W«ffi(C(4^-^ 
•yi5'ffl;ffi7 l;&5?i^fife$nTW^5„ 
[0 10 1] ^cr)-^. Hi 1 (a) uv? 
;^ h^^°^'-:^7 2^Bb£LT, Hi 1 (b) (c;T%-rJ;e> 

h^-z^y 7^'<:d-— K(OtfJT\ Al. Ga, Ngraded 
layers 5(4 fSWJE<^i^ffifl|at i: LTffll^PsixTt/^-Sc 
[0 1' 02] Al. Ga, Ngraded layer 6 5 tC K— fc° 

w td'^T-#'5„ Al. Ga, Ngraded layer65WK 
— h t LT(4, nSf&tKf, Si^roiVlSTC^, 

pMT-fcix(4'Mg^coiIi^7t*^ffiv^5r L 

i\ **jfej]^ffiii*j(t.5s i cstse 1(4, ^mw-mm. 

go V ^ 143: f •> /Ufigftg Sr^tf ^«f*:S«T- & ^ 

[0 10 3] (Hi 4<7)*ilff^«l) 01 2(4. 
Hi 4(;5*j£ff^ffi(a?.5^SiffM;^ffi^fflv^T*»ft:^ 
g?rf^i!!-f 5*ffiSr^-rxS»fffill-Cfo5o 

ic#5»)iffM*)£w£*6<)/j:«i5g(4H 1 0 nmmT^m 

(c.T^LfctroiP^T'fot), |l-o?fP5^tc(4l^-i7):^^ 
[0104] 012 (a) iC^-fi (-. n * - S i C 
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£S8 1±(Cn' -S i Cl8 2^5JKfig;^HTioD. tti 

ten" -S i C18 2±(C3ljR6<]|Cp-S i CffillcS 3 
^5^^:^aA^I:fflV>TffM^tlTfci9, mllEp-S i 
C^HicS 3±ICn* -S i C^ISS 4X>W^^^i£A^^ 
ffll/^TJfM^tLTI/^So HUfSp" SiCffl«8 3±in 
* - S i C^^8 4±(::*fc;5So-C. S i .O2 KB 5lr 

[0105] ^ro^. H 1 0 wUffiJi^li-cfflv^fe^jfe^ 

fflV^St, AlNKSetAl. Ga, N (x + y = 

1, O^x^l, O^y^lT'fo^o ) Bi8 7yi5, 01 10 

2 (b) lcS%-t-J;5{cS^e<j{cJi^^^ixS, Ell 2 

(c) ;c^-t-J;9lcs i 02 Bf 8 5^lx^)r*^^fc^^. y 

-hm.ms 8^A\. Ga, Ntt87±lC. y-;^aii 

8 9^'}^-^fl;ii8 8irSttL/^v^J;^»lc:p-s i cffl 
^8 3 in' -S i Cffl^S 4tctfc/5Sorf^^£L. S 

1 cs«8 i^micvi--(ymm9o^§imi-i>'t{c 

X'O. S i C-MOSFET^<'^i{i--5r t^5T-#Sc 
[0 10 6] Z<DUOSFET<DfpX\ A1NR8 6(± 

Kcffli/>e3jxrv^?.S i O2 ii'o i,ntil£X'h^t:.tb. 20 
s i cro#KT-fo556a«:#wi^$Sr+5^§l#ttli-r t 

[0 10 7] MIC. A 1 Nils 6 1, Ga, N)K8 
7 (c K- f V L /cK^ffl ^ 5 :i i: ic J; 13 . 
5»lE^m-t-r t*S-e#5o AlNBJSe, A1. Oa 

, Nm8 7(DY-y<>htLXii. n mX'hiUf. Si 

^(oivmytm. p mx'htiiiMs^(Dim7i.mi:^^^i> 

[0 10 8] (mi SW^JSffJ^) El 3I±. «P^O 
mi SfOSjlSJFJSIICi^SsillffM^fffilrfflv^T^^f*:^ 30 

[0109] 013 (a) iZ7ii-tXo\C, n' -S i C 
SSl0 0±(Cn" - S i Cl 1 0 1 ;45ff^fi)t$4xT*i 
►).MiEn" -SiC®101±ICp-SiCSl02 
/ii5Jg)$$HT*3'9. BuKp-S i Cll 0 2±IC-f3t->- 

aA^^fflv^T3l^Rfl<3lcn* -s i cffi^ 1 0 

$tlTV^5„ ttjfSn' - S i C 1 0 3|i^±lCS i O2 40 

^1 0 4;ei5asi«)icjfM$nTv^So 

[0 110] -5:C0^. 013 (b) (D<tp»Cp-SiC 
H02/n* -S i Cfflliicl 0 3/S i Kl04 
«it;55n' -S i Cl 1 0 1 ilcSWl-iSK^ixSJ; -5 
Id, n' -S i Cffligcl 0 3i:p-S i C«l 0 25ril 
SiWtCRIE ^T-^3'^V^^-t-5„ rWRIE <r>m. S i O 

2 1 0 tLXfmX'^^o 

[0 111] -^o^. mi OCOSligm-C'fflV^fc^fe^ 
fflV'Si:, A 1 NWl 0 5iA 1. G a, N (x + y = 
1. O^xgl, O^y^lX'hi), ) mi 0 6i!)K m 50 
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1 3 (c) \c7f^-rxo\cmmsim(om(om^k&m\cm 

[0112] nkic^ 013 (d) ic^l-i^fcs i Os 

^1 0 A^WL'Om^^tz^. ^- 0 7$rA 1 . G 

a, N)Ki06±(c. y-;^fl;®i 0 8 ^r'J^- hrnm 

0 7 tS^L^e^^J;^)!!* -S i C^igcl 0 3±(ClffM 

s i cSffi.i 0 oroHBic KU"r>'l;1ii 0 9^iS 

^1-5ri:(ci«5. SiC -SSJi^MOSFET^f^ilil- i>Zi: 

fi^-X'^^. 

[0113] r (r)M0SFET(7?cf'T\ A 1 N)^ 105 liMO 

s¥-h(r>mt^mtvxm\f^htix\>^?>o se^y-Mc 

fflV^^nxl/^S S i O: i 19 t)i^KJlT'*)5fci?). Si 

[0 114] JEJC, A 1 N8I3-^A 1 • G a, N)K4|C 

lE^tlSi-r t>i5-C'#5„ A1NK105, Al. Ga, 
NlKl 0 60K-/-<>hi:LTIi, nST'fontf, Si 

^<^ivl^7E*. pmx'h)rniMe^<Diim7cmi:m^^^ 

[0115] (Hie (ommwm) 0 1 4 (4. :^^m<o 

[0116] 014 (a) (C^-fiptC, n* -SiC 
Sffi8 1±lCn" -S i C^8 2;6S?g^$tlT*3'9, BU 
ten" -S i CJi8 2±lCiliR6<]iCp-S i C^i|<8 3 
;6S-<;^-:^^iA^Srfflv^TJ^M$nT*J'?. mllEp-S i 
cmi$.8 3±icn' -S i C^lgt8 4;5W^vaA^S: 
ffl^^T?i5)«$4^TV^5. HUlEp-S i CffllSB 3±i:n 
' -S i Cffi«8 4±|C*fc/!iSoT, S i O2 1^8 5?r 

[0 117] ^<0'^. Si iroSlliSJgtiT-ffll^/c^feSr 
fflV^€>t. Al, Ga, N (x + y=l. Ogxgl. 
O^y^lT'fo-5. ) graded layer 1 1 Of)^^ 014 

(b) {c^i-i:o\cmi}imcmf$.^in^o 014 (c) 

ic^i-j;5{-s i 02 BI8 5^11 1) 1^1 ^fc^. y-hi; 

ffi8 8$rAl. Ga, Ngraded layerllO±{'. V- 

;^l;1i8 9Sry-hl;1S8 sir^HtL/^i^iplcp-s 

1 CffllSlcB 3±i:n* - S i C®«t8 4±(c4yci6So-C 
ffML. S i C£«l 0 0 WgElc Kl-'-Ottllg 0^ 
ElS-rSrirlCi'J. S i C-MOSFET^f^S!ii-Sr t7)5 

[0118] ^(^MOSFETCOtt^T-. A 1 , G a , Ngraded 
layer 1 1 0(4, Si CSISI-SM LTV^5ffi^f4 x tJJ 

:k^<. Si c£«^^p>jt<''<f'5(ai'yi4'^:'^t<'ic«)J; 
xm\,^<biix\,^i>o ii§*y-h{cfflv^bnTv^5s lo 
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10 119] A 1 , G a , Ngraded layer 110 

htm. Si ^(7) ktc*. pMT'fctu<fMg#(7) m 
[0 12 0] mi7(ommmm) mi 5ii. :$i^m(r> 
sirf^ssii-5:*ffi^^-rxsiiirS(aT'S>s. :^mmmm lo 

[012111115 (a) J; ^ (c, n' -S i C 

SffilOOJitCn" -S i Cgl 0 lji5J^fi$;$ixT±3 

illSn" -S i dl 0 l±(Cp-S i Cfll 0 2 
mM^hXid'O. Hutfip-S i CJil 0 2±{Z-i:ty 
jiA^^rffll'^TiitRWl-n* -S i C^tSl 0 3*5^^ 
$tLTV^2>e miten* - S i C 1 0 3^^±{CS i O2 
IKl 0 4^5g^6<]lCffM$nTl^-5. , 20 

[0 12 21 His (b) Wi^t-p-SiC 

gl04/n* - S i Cffi^l 0 3/S i O2 1^102 

«)^*5n' -s i c«i 0 i±ica«(ciSiS:^n.5J;^ 

IC, n' -S i C^^l 0 3tp-S i CSl 0 2t^ 
iiJ^Wl-RIE 5, r<7)RIE S i 

[0 12 31 -tro^, Si l<?5*teff$ffiT-fflo^fc#j£^ 
fflV^St. Al, Gar N (x + y=l. O^x^l, 

0 ^ y g 1 T-foSo ) graded layer 1 1 1 H 1 5 

(c) iZ7r^i-xoizm^Bir^ff>m(nmmtmmicm^ii^ 30 

icjfM^ti?). 1115 (d) iZTf^i-iioizs I Oz mi 

0 4Srlt>3^V'>fc^, y-hSai 0 7SrA 1, Ga. 
Ngraded layer 1 1 1 ilCl, y-;^^ffi 10 8 ^r^— h 
«ffil 0 7 igttL/iV^J;^ n' -SiC^^1.0 3± 
l-J^fiitL, S i CStSl 0 OfOSSl- KW'l'>'m@l 0 
9 ^IBK-t •Srirfci'J. SiC -«SJ^MOSFETSr{tf!i-r 

[0 1 2 41 rWMOS FEXrotfix-, A 1 . G a, N 
graded layerl 1 1 ISMOSy- hnm^Mt UTfflV 

fjIxTt^So fie^y-H^fflV^ibtLTV^SS i O2 it) 40 
"bifBE-C^j-Sfc*. S i C<D#MT'fo55Sa«*«ffi 

[01251 MIC. A 1 > G a , Ngraded layer 1 1 1 
fctvlf. Si^roiV^TC^, pSX'*)ixtt*Mg^C0IIl^ 

[0 12 61 mi 8<Dmm^m) mi Git. :^^m(n 

Xhi, S i CSSl 2 l±tC. A 1 N»Kl 2 2^^ 50 
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9oiiig?Kfilti^i:*fe-cj*«$*. s&iEA 1 N^iii 

2 2±ICl/v?::^ M 2 3 ?rlll 6 ( a ) J: ^ iC^ 

ffiS^iL. m^LXmi 6 (b) lC:T^1-J;p{C]MJI^fi<j|C 

1 2 3 Si^tK^^^^U'J^hXhi)o 

[01271 mc. mi 6 ( c ) (c^-f i 9 {c. s/Ce^ 

^Uv?;='. M 2 3 a I:. il.^jR-r7iC*P*>K0H ^WTyU* 
!;tt^?gT'5lt)l^<^^ inm. A 1 NttKOH ^«7>T/l' 

* Dtt^?t(c^(t5^, u M 2 34:-^;==.^ t UT 

mi 2 2i:mm.mcs i cSffil 2 i±|ijg^i-sri: 

[0 12 81 imi 9ff:)mmmm) mi 7Rifmi s 

[01291 1117 (a) iC^f^f <t pfC. n* -SiC 
S«13 1±iCn" -S i CSl 3 2;4SffM$nT*5 
t), illEn' -S i cei 3 2JilcS*i6«j{ip- S i C 
^«1 3 3^5^;t^aA^i^rffll^TffM$tiT*3ti. mi 
te p - S i 13 3 ±IC n * -Si C^tHc 1 3 4 ;6*^ 

■< :iryiS.A^^m^X1tm^nx\,^^o 

[01301 SS±B±^ffilC A 1 N»K 1 3 5 9 

(Dnmiimtmc^i^X'^^^-\t. huiea i n»ri 3 

5 ±»c: u- v?:;^ M 3 6 $rife3p^^ L. ®3t tT0 l 7 
(b) (c.T^1-J; 5(ciMlR6^l-R)C&$-ti:5c 138HSjt 
nmO;^ ^/l-^:^^X'h'0 . 1 3 6 aiij^Jt^m^l^i^^ 

[01311 HI 1 7 ( c ) icmta 0 (c, S(f ^ 

h 1 3 6 a ^i*^*>KOH ^OT/U* 

ytt^fKT-Sl>9l^<;!)^ -^rWl^.. A 1 N»4K0H ^^T/L- 

* ytt^jKlc^tt?)^, Ui?y^\-1 3 6^-^:^^ tLX 
m^^^y=f>f^X'^^o rroi^l-tXffi^lCA 1 NSI 
1^1 3 5^)1W6^(CS i CStSl 3 l±(CJgJ5i(;1-Sri: 
f)>X'^ho BuKT/u;!? ytt^rSwiag(4^ia~200 "C^iis 

[0132] 018 ( a ) ic^-f- J; p 

±lcm^i:/.C^4feJS 1 3 9^^«L. /^^-^^^iTI-S 
rtlCioT, ma (b) iCTp-rXo^i^OSFET^i^m 
-TiiZtA'^X^^o A 1 N^^l 3 514. MOSFETO'^'- 

vmmt Lxm\''htixi^^. v^m^- ncffli^c>tL 

Tl/^'SSiO: J; t) t.iSitJ±T-fc-5fcfe, S i CWijtW 

[0 13 3] SfC. A 1 N 1 3 5lc: K-t°V^^^JSLfc 

5o Y'-^OhtLXit. nmxhiHi. S i ^WIVK 
x^. pMT'*)ixtfMg^roii;K7E*iSrfflv^'5r tdsa 
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[0 13 4] {^2 onmmmm) mi 9it. :^^mo:> 
m 2 0 w nmrnm ?> ^m^x^mi^m 

[0135] 1119 (a) JC^-fi^lC. n* -S i C 
atgl5 1±tCn" -S i Cmi 5 2m-if^^tlXi6 

p-SiC«153/n' - S i Cfll^ 1 5 4 «it 10 
;i5n'-S i Cll 5 2±ICft#c(-iEl^^tiTV^5„ S 

«±ffi±^iiiiA 1 N»)gi 5 5^f^9<ommfmtm 

1 N»Ml 5 5a ^illRW(-:?f^fi&-r-5„ ^W^, A 1 N 
»ffill5 5ali. 11119 (b) ICS^-fJ; 5ICHMlEg>ra<^ 

[01361 i^Clcm 19(c) iC^-r i 5 (CS«±S± 

l^mfiiir'irS^Mi 5 6^^«L, ^•?^-=i>-^f 5 r. 
irfCioT. Hi 9 (d) tc^-f-i 5 'tC*8£ff^M0SFET^{'^ 

mi-^^ti'^x% 20 

[01371 A 1 N^Bf 1 5 5 a (4, MOSFETW>>-'— 
SSiOa J;i9 t)KBBET'fo5/cJ<). S i CO#|fT& 

[0 13 8] A 1 N^Utl 5 5 a le K— t°V^^ 

:4>T'#.5o K-/N°>' h i LT»±> nST-fcttlf. Si^ 

[0 1 3 9] :^^BJ^i(7)S i C^^frt LTI±. 4H. 30 
2H, 6H. 3 C^^TW^B^afllit^rtoS i Cif^aj^ 

(ig 2 1 (Dmmmm) h 2 o ^if^mnm 2 1 nrnm 
mm\zgkhmmMf^^m-^^^irjjmmmx'hh. 02 

0 (a) J; 5 IC. f-^T'Cr 6 i±tc. s 

1 02 »iii 6 2^jiiRe<]('fM-r5= s i nm:\ 

1 6 l±(cs i O2 EM5r. mmt^^^liW^CMD T-mfi 
^LTS i O2 »S^|f|5^a<)(CHF^T'^3'^>'^-r5 40 
[0 14 0] 2*:IC. f-7 7-rTStgl 6 1±|C. Ga. 

A 1 mo-> m<r>^ xjy4 F\ yL.\-m^. x(±c 1 2 , x 

m.\^tiii)ib mmi:^i.^M7.fi1iih) . A 1 NItlSrfiKft 

^"^^t. 0 2 0 (b) I^S^i-i^Cl^ A 1 NIIl 6 3 

it-fyr^rmmi 6 i a±(cL;<»^fiKfiL/ii>, ::tLii 

Al, Gar In. N (x + y+z = l. O^xgl, 
OSy^l. O^zSlT'fcS, ) »fiS;*»COV'«Tt3l^ 50 
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C*/4SbX.5.„ ^^faAl. Ga, In. N (k+y + 
z=l, O^xgl. OSySl. O^z^l X'h 
5, ) ^J^S-fS^^fi, T^/l'^T^Al. Gar I 
n. N (x + y+z = l. O^x^l. O^y^l, 0 
^z^lX'hio ) S:^«i-5«^J:t)Mf-»tR14dS± 

[01411 Al. Ga, In. N (x + y+z = l, 
O^x^l. O^y^l. 0^zglT-*>5o ) (D^n 

li, A\ coy-y^tLXAi ^■^ts^m'tm. Ncoy- 

:^tLXN2 xttTv^^T, umy-p^tLx^m 

*/c, HUlHGa, A 1 ff(^Ill;K<o^' D7-r 

X(±/^Dyy^;tf;^<0, Al, Ga, I n. N 
(x + y+z = l\ O^xSl. O^ySl, O^zg 
lX-$)5. ) M^ftB#C>SSl4l O"' ~1 0"' mol/min 
-Cfe5rt;isa*tl/\ Ml-, Al. Gav In. N 
(x + y + z = l, Ogxgl. Ogy^l. O^z^ 

(iiioot:, ^ L) T'foixtfeoo °c, r^/i^^r ;^T-fcmi' 

250 "CT-fo?) r Ll/\ 
[01421 -eclfl:. H 2 0 ( c ) ic^-f" J; 51-, Si 
0= Ki e 2SrHF^<OStt^jKT'^d^LrSl'3l^< 
t. ]1^6<);c}Kfig$ixfcAl NUl 6 3?r#S.l t;!)sr- 
#S„ fit. A 1 Ni47K^^^(C^lt^1-V^c75T^ ain 

[0 14 31 (^2 2C»*JlJl^flg) 1112 114. *||BJW 

Mm 2 1 (Dmmmm\^7f^ ufc to t iRi«T-fc > i^-w 

[0 14 41 m2 ICD^Jteff^teirS'^iSroii, A 1 NM 
16 3±twAr. Ga, N (x + y=l, Ogx^l, 
0gyglT-fo5„ ) 1^1 6 4-5SJI^B£$iXTl^5r tr- 
*)5o Al, Ga, N (x + y = l. O^xgl, 0^ 
yglT'fcSo ) it. xr^:^t</<C5m, i«Sg#fflm 

A 1 NMSr^^a-fSailCliA 1 . Gar N (x + y = 
1. O^xgl, 0^yglT'fe?.„ ) mX'9.o:iti)^ 

[0 14 51 (IS 2 3cO*i!ifg^) 112 2 (±. *5§HJc75 

112 3(Dmmmmicmi>mmnmifm^7r^-rT.m'mmm 

!±^2 2(7)^SSff^#,(::^L3ttWtl^aiT-*>t), l^-W 

(0 14 61 m2 2<DmMmWitmf£i>(Dii.. a i Nm 

tAl, Gar N (x + y = l, OSxil. O^y^ 
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ixtzl^<DA\, Ga, N (x + y=l. Ogx^l, 
OgyglT'$)5„ ) graded layer 1 6 5 "CJi^Rfe $ tl 

im zfziK m 2 2 <r>nmmmi~ 9 ttamicji^figi-^ r 
[0 14 7] {,^2A(DnmMm)m2z\i.-^^m<r> 10 

•So •*^7r'f'TStSl 7 1±(C. A 1 N5ilSl 7 2^11 
9<7?llftJg^illli:*ifeT-^Sfi$-ti:. BulEA 1 N»M 1 

7 2±lc:Ui>^ M 7 3SrI212 3 {a) \Z7r^-ri.0\^± 
cS^*L, ®3feLTll|2 3 (b) t^l-J; 5 
5^&$-fr5><, 1 7 5(ilt*(75|^cOp< ^yi'-=r;^^'T-fot) , 

1 7 3 al±KJi;^^W-x;^ hT'foS. 
[0148] 023 ( c ) Id^f J; 5 IC> ^1^-'^ 

HV'y:^. hi 7 3 a ^mM-tfi.t>'hY.OW^<r)7 iV 

!Jttj§fSt:SJ'3l^< /i^ Al NtiKOH^O 20 

Tyu* Uttjgffitc^ft?)^*, U'v';^ hi 7 SSr-r;^^? t 

N3SR1 7 2 ic-t^ 7 T-fT S«l 7 1 ±(c:ffM 

200 "CjlsStLVv 
[0 14 9] (^2 SroSJSff^ffi) 13 2 4li« *^BJ<7> 

TfoS, rro¥^f*:S^^«S i C-MOSFETT'*> 
!5, rcoMOSFET«itl4i!>:i75i9l-LTJFMLfc, 

[0 1 5 0] *-f . B:^fi (0001) , ^-r y TgS4 X 30 

1 0'° cm"' <7)p^S i CJSB^B¥-*f*:S1gl 8 3(D2 * 
Bf(-1200t:TNSr3 X 1 0" c m'' (O K-X1:-C'C 
aAL« mi<75nSSiC^181i:|?2(Dnl)SiC 
gl 8 2SrJf^B)tLfc„ 
[0151] -troig, -^^i^/u • Ky'f ■^Ly'i-^y^ 
(CDE ) |CJ;oT¥?tft:?rtfv\ ^ 1 (DnSiS i Cil 1 

8 1. p^S i C^B^ai|^i^f$S«l 8 3. |g20ngiS 

1 CSl 8 2*ffi<^Rms 5:0. 3nni i Ufc, -5:tLd^?5600 
1Ct?20nni©iE{t:I^SrmS L-Ty- hSf^tlK 1 8 4 (±|E 

[0 15 2] ifctC. |gl(DnMSiCai81t^2(^ 
nMS i Cll 8 2h<n>m\M\^-=^y9^ h^x-yu^^ 
It, AlS:is«LT-&tLm«1f 1 8 SSl/l 8 6 ^rffJ^K 

Lfco vmm \ 8 4±ic(4p K-7'4^y ->D 

?raSL. rwa?ry- hSill 8 7 i LT112 4fC^ 
-fi^ilCS i C-MOSFETSri^HiLfco rwi^Cl 
LTf^MLfcS i C-MOS FETWf--V^^/l'^i!lgl4 

2 0 0 cm' /V -sec T'foofco 

[0153] (JtlS50y) S 2 5 <75^l£ff^li(::#.5 S i C 
-MO S F E T t roltlScSrff P IJe5t5«jSW S i 50 
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C -MO S F E T ^?*CO i 5 (C LTJl^fiK Lfco 
10 15 4] ffi*{4 (0001) , ^^yT«g4X 

1 O" cm'' cOpMS i Cii^fa^^-#:S«W2*BiTlC12 
00t;-CN^3 X 1 o" cm" <DK-Xl:f-<:tVgEA 
L, miCn^SiCSi:m2(;5nSSi CS^rffML 
/to ^rom. 1100t;T'5B#PBl*«St^Kfl:^tf 5 r tT- 
20nmW^<blS^y- hgf^bSIi LTffMLfco 

[0 15 5] jJciC, ^1 <DnSS i cei:^2ronSS 

2 4(C^i-J: i C-MOSFET^f^MLfc„ ' 

5 (-LTf^MLfcS i C-MOS FETcOf-^^^yl- 
^Il)gl44 0 cm' /V • s e cT-feofc, y- h^ft 
|glTromi<^nSS i eg, pSS i CigfBi|i^ft::£ 
ffi, ^2(^3nMS i C«(7)«ffi(7?5pJ^7 7t^y!. (Rms ) 
(illnmT'&ofc, :$:^0^li±iEII)66®SfCPfiS$ 

LTHJfi-r .5 r t ;is "I«gT'*).5, 
[0 1 5 6] 

If, KSttWSVAl. Gaw-- In, N (fSL, x 
14 0 ^ X g 1 (D^SS:T-fo "3 , y 14 0 ^ y ^ 1 0*i5cT-fc 
t), x + yglT-*>.5o ) . ZnO, L i A 1 NO. L 
i G a NO, H f O. S c N, T i Bi , UBj , WB 

5«S^SIiKSrA 1 NK±l-fl?^-rsrt{Ci'9, ^HS 

[0 15 7] ^fc, ;$:|gB^|cJ;tvl4, i«S»/±|fe^Kt L 
TAl. Ga, In. N (x + y + z = l, O^x^ 
1, O^y^l, OSzSlT-foSc ) ?rifrt1-'5li 
^, S i C^<DS«±|Cil^«]lcE.ofS{!!(l?f^J5it^^, 

-t^^/u^lta, ®^-Y^>yUffifetOS i C-MOSFET 
F E T (Dliit SfrffiHo 

[n 2 1 t^^m<om 2 <ommj^mic^^t>^ s i c 
[n 3 1 ^^p^wm 3 (Dmmmmi^»^i:>h s i c«sjg 

F E T«75«jg5r^-rKfrffil2l. 

[04 1 :^^m<Dm 7 (7?^M^^,l;i|gt3-5 S i C h U 

[m 5 ] 9 <Dmmmmicgh^mmm:fjm 
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im 7 ] 1 1 <Dmmmm\^w^^mmif^^:ff 

[ia 8 1 ^?tmnf^ 1 2 <r>mmwM\mi>nmm^:fj 

[0101 *ii?^<D^ 1 3 <Dnmi^mic^^i>nmm^ 
[01 1 1 *i§?^<^^ 1 3 (D^mmmM^mmm^ lo 

*feSr^-rxa»rffi0„ 

[012] 4(ommMmizmi>mmmi^ 

[013] *^Bjro^ 1 5<Dmmmm\m?>mmmf& 

*&*^-rx^irffiii<, 

[014] if.^m(n>% 1 6 <^^igff^SJc«S^Kff^^i)c 

*fe^^-rxs»ra0. 

[015] 2|s:5gegoB 1 1 <r)%wim.\^%^-mm&^ 

*teSr^-t-XSifS0„ 

[0 1 6 1 *i6B^«^ 1 8 <o%imm.\^>^.^mmi^ 20 

*SSr^i-Xg»fS0„ 
[017] 1 9<OSlSJ|?ffi|r^.5«IKMfi£ 

:^S^^1-xgSff®0o 

[018] 1 9 coii:^ff^siic#,5»Bim 

:^l*Sr^-fXS»fS0o 

[019] 2 0O3llSJI5filC«5»KJI^fig 
*-ffi^/T;-rxSKif®0o 

[0 2 0 1 2 1 (Tiwm'mKci^.^nm?^^ 

:^ffi^^1-xsff®0o 

[0 2 1 1 *^B^(7^B 2 2 30 

[02 2] ;4i:||sj<75m 2 3 <n%wm.\z.%z,nmii^ 
;^&^^-txgirS0o 

[0 2 3 J 2 4 <D||JSffjffi;c#,s»KffM 

*&^^i-xs»f®0„ 

[02 4] *l|BJrom2 5(75|lteffmi'#5MOS« 
5gSr}^oS i C«^<D«ji^^-r»r®0, 

[??-f-wia?^] 

1 -nSteffititS i CS« 

2 -nai«lgStKy 7 40 
3--A 1 

4 ■••A 1, Ga.^-, I n, NK 

5 - -^y s i K 

6...y- 

8- n* ^y-;^^^ 

9- "^-H«1il 

1 i-y-;^€ffil 

1 2- Kl'-Yi^miSg so 
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2 l-nSf6fifeiS i CSK 
2 2-n^i«SetKy 7 
2 3 --pS'<-;^l 

2 4-n* sy-;:^|S^ 

2 5- p* m.^'^ 

2 7-AlNI^ 

2 8 •A 1 . G ai-r. In, N)^ 

2 9--^'- hmug 

SO-^^Bi 

3i-y-x«iig 

3 2--- Kw 

4 l-na{£SStS i CSffi 
4 2 ■nSiafiSiKy 7 

4 3-"pa-<-;^m« 

4 4 - n* My-^ffi^ 
4 5-" K^-I'y«1i^ 
4 6 -'^-hJ6^lg 

4 i-ff-vnm 

4 8"Jfe#K 

4 9-y-^sii 

6 0 •• h UVf' 
6 1 • -S i CS1S 
6 2-S i O: BI 
6 3 - A 1 

6 4- - A 1 , Gay NIK 

6 5---A1, Gar N graded layer 

7 1- y^^m 
7 2 -\y'y7. h 

7 3 " ->3 2/ 

8 1 - n* -S i CStE 
8 2- -n' — S i CS 

8 3 -p-S i C®^ 
8 4 -n' - S i C®« 
8 6 - A 1 Nffi 
8 7- -A 1 , G a, Nl^ 
8 8 - -y— hlllS 

8 9- -y— 

1 0 O - n* -Si CS® 

1 0 1 - n' -Si CS 

1 0 2 •• p - S i 

1 0 3 - -n* - S i CIS^ . 

1 0 5 - A 1 N8^ 

1 0 6 - A 1 . G By Nljg 

1 0 1 vmM 
1 0 8---y— ;^fl;li 
10 9 - Vv^vmM 

1 2 1 • S i CWSl 
1 2 2-A 1 



1 2 3 
1 2 4 
12 5 
12 3 
1 6 1 
1 6 2 
1 6 3 
1 6 4 
1 6 5 
1 7 1 
17 2 
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S i O2 IK 
A INK 

A 1 , G a, Nfll 

A 1 X G a, Ngraded layer 

AINM 
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* 1 7 3 -"U'i/>^. h 
1 1 A"15y:^'^y^^ 
1 7 5- > 

1 7 3 a-S^S^^l^v^:^ h 

1 8 1 ■ -Hi cOnSS i Cl 

1 8 2- •||2(7)nSiS i Cl 

1 8 3-pMS i CJifB*W«^£« 

1 8 4->>*-h^{klR 

1 8 5--y — 

10 18 6-Kb'-r:^l;<i 

* i8 7-y-hmig 



Ciai] 
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Si 02 f-6g 
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(a) 



I Si02 j-" 



62 



SiC 



,-61 



(al 



I Si02 -1^ 



SiC 



62 



(c) 



65- 



AlxGayN Grad«d Layer 
62 N 




AlxGayN Graded Layer 



SiC 




,63 

lb] bj^AIN^:^ Si 02 



SiC 



61 



(c) 

631 



AtyGayN 



AbtGayN 



62 ^64 / 

1 SiC --i -ei 



Id) /W, 
63' 



AbtGa>N 



^-63 



SiC 



--61 
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m9] 




,72 



AlxGayN 
64 



,61 



SiC 




63" 




73- 



64 AlxGarN 








[Ell 0] 








1 


SI02 


-^62 




(a) 




SiC 
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AlxGayN 








62 


/ Graded Layer 
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